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[Claim(s)] 

[Claim 1] Produce the bond wafer which forms a SOI layer from the silicon single crystal by the 
Czochrlski method, and the base wafer used as this bond wafer and a support substrate is 
combined through an oxide film. In the manufacture approach of a SOI wafer of performing thin 
film-ization of a bond wafer after that As said bond wafer, the growth rate of the silicon single 
crystal by the Czochrlski method is pulled up as 0.6 or more mm/min. A content oxygen density 
grows the silicon single crystal rod with which COP of 1 6 or less ppmas exists in high density. 
The manufacture approach of the SOI wafer characterized by using what sliced this silicon single 
crystal rod, processed it into the silicon wafer, and added heat treatment in a reducing 
atmosphere to this silicon wafer. 

[Claim 2] Produce the bond wafer which forms a SOI layer from the silicon single crystal by the 
Czochrlski method, and the base wafer used as this bond wafer and a support substrate is 
combined through an oxide film. In the manufacture approach of a SOI wafer of performing thin 
film-ization of a bond wafer after that As said bond wafer, the growth rate of the silicon single 
crystal by the Czochrlski method is pulled up as 0.6 or more mm/min. A content oxygen density 
grows the silicon single crystal rod with which COP of 16 or less ppmas exists in high density. 
The manufacture approach of the SOI wafer characterized by slicing this silicon single crystal 
rod, processing it into a silicon wafer, using rapid heating and quick cooling equipment for this 
silicon wafer, and using what added heat treatment more than for 1 second at the temperature 
of 1200 degrees C or more into the reducing atmosphere. 

[Claim 3] Produce the bond wafer which forms a SOI layer from the silicon single crystal by the 
Czochrlski method, and the base wafer used as this bond wafer and a support substrate is 
combined through an oxide film. In the manufacture approach of a SOI wafer of performing thin 
film-ization of a bond wafer after that As said bond wafer, the growth rate of the silicon single 
crystal by the Czochrlski method is pulled up as 0.6 or more mm/min. A content oxygen density 
grows the silicon single crystal rod with which COP of 1 6 or less ppmas exists in high density. 
The manufacture approach of the SOI wafer characterized by slicing this silicon single crystal 
rod, processing it into a silicon wafer, using a batch type heat treating furnace for this silicon 
wafer, and using what added heat treatment for 30 minutes or more at the temperature of 1200 
degrees C or more into the reducing atmosphere. 

[Claim 4] The manufacture approach of a SOI wafer given in any 1 term of claim 1 characterized 
by grinding the bond wafer which added said heat treatment before combining with a base wafer 
thru/or claim 3. 

[Claim 5] said polish — polish cost — the manufacture approach of the SOI wafer according to 
claim 4 characterized by grinding by 5-1 5nm. 

[Claim 6] It is the manufacture approach of a SOI wafer given in any 1 term of claim 1 
characterized by performing thin film-ization of said bond wafer by grinding and the grinding 
method, and the gas-phase-etching method thru/or claim 5. 

[Claim 7] It is the manufacture approach of a SOI wafer given in any 1 term of claim 1 
characterized by performing thin film-ization of said bond wafer with an ion-implantation 
separation method thru/or claim 5. 
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BEST AVAILABLE COPY 



[Claim 8] The manufacture a^Bkach of the SOI wafer indicated in any^^rm of claim 1 
characterized by making said^Wucing atmosphere into a hydrogen ambient atmosphere or the 
mixed ambient atmosphere of hydrogen and an argon 100% thru/or claim 7. 
[Claim 9] The SOI wafer manufactured by claim 1 thru/or the manufacture approach according 
to claim 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the SOI wafer manufactured by the approach of 
producing the bond wafer which forms a SOI layer from the silicon single crystal by the 
Czochrlski method, and manufacturing a SOI wafer, and this approach. 
[0002] 

[Description of the Prior Art] When using the wafer (it is called CZ wafer below) obtained from 
the silicon single crystal by the Czochrlski method for the bond wafer which forms a SOI layer 
and manufacturing a SOI (Silicon On Insulater) wafer conventionally, COP (Crystal Originated 
Particle) which exists in CZ wafer poses a problem. 

[0003] COP is one of the crystal defects introduced at the time of crystal growth, and it turns 
out that it is the defect of the cavernous mold of regular-octahedron structure. If this COP 
washes the silicon wafer after mirror polishing with the mixed liquor of ammonia and a hydrogen 
peroxide, a pit will be formed in a wafer front face, and if this wafer is measured at a particle 
counter, a pit will also be detected as particle with original particle. It is called COP in order to 
distinguish such a pit from original particle. 

[0004] If CZ wafer with which this COP exists is used for a bond wafer and a SOI wafer is 
manufactured, it will have a bad influence on the dielectric-breakdown property (Time Dependent 
Dielectric BreakdowmTDDB) with the passage of time and the usual oxide-film proof pressure 
(Time Zero Dielectric Breakdown:TZDB) of an oxide film which are the important electrical 
characteristics of a device, for example. 

[0005] COP furthermore shown in CZ wafer front face may serve as a hole which penetrates a 
thin SOI layer. For example, in the etching process and heat treatment process in a device 
process, the embedding oxide film was etched, or the level difference arose at the wiring 
process, it became the cause of an open circuit, the fall of the yield was caused in the device 
process with etchant and the controlled atmosphere which invaded from this hole, and it was a 
problem. 

[0006] For this reason, how to use not CZ wafer but FZ wafer for a bond wafer, and to 
manufacture a SOI wafer as the manufacture approach of a semi-conductor substrate was able 
to be considered. There is an advantage that there is no COP in this FZ wafer. However, in 
present, the technique which produces a wafer with a large diameter of 8 inches or more is not 
established, but large diameter-ization of a semi-conductor substrate in recent years has the 
fault that it cannot respond. 

[0007] Moreover, the approach using the epitaxial wafer into which the single crystal thin film 
layer was grown up as a bond wafer of a SOI wafer is on CZ wafer. It has the advantage that this 
epitaxial wafer does not have COP in an epitaxial layer, either. However, in present, the cost 
which manufactures an epitaxial wafer has the fault that it is expensive compared with the cost 
which manufactures the usual bond wafer. 

[0008] Then, the approach using CZ wafer which elevated-temperature annealing was given 
[ wafer ] and decreased the COP consistency as an approach of manufacturing a SOI wafer 
using CZ wafer as a bond wafer was proposed (refer to JP, 10-841 01 , A). However, even if it 



performs hydrogen annealingW»0 minutes at 1200 degrees C which typical condition, 

completely, COP on the front race of a wafer will not disappear, but will remain a little, and COP 
will remain also near the front face further comparatively. 

[0009] Furthermore, the approach of making late the growth rate of the silicon single crystal by 
the Czochrlski method, and decreasing a crystal defect was thought as an approach of 
decreasing COP different from hydrogen annealing. According to this approach, the number of 
COP could be decreased, and further, when giving hydrogen annealing to the silicon wafer 
obtained by this approach, it was thought that COP in the silicon wafer more effectively used for 
SOI wafer manufacture was reducible. However, by this approach, although the number of COP 
can be decreased, since the size of COP became large, even if it carried out hydrogen annealing 
treatment of the wafer obtained from this silicon single crystal rod, COP was not able to be 
extinguished completely. 

[0010] Thus, since the size of COP becomes large even if it is difficult to fully extinguish COP 
even if it performs hydrogen annealing to CZ wafer and it makes late the pull-up rate of the 
silicon single crystal by the Czochrlski method, the present condition is having lapsed into the 
situation of being hard to disappear even if it carries out hydrogen annealing. Therefore, it was 
difficult to raise the yield of the device process of the SOI wafer using this CZ wafer present. 
[0011] 

[Problem(s) to be Solved by the Invention] Then, this invention was made in view of such a 
trouble, and the place made into the purpose of this invention tends to offer the manufacture 
approach of the SOI wafer which may raise the yield of a device process by using for a bond 
wafer CZ wafer produced by the technique of suppressing the crystal defect which exists in 
wafer front faces, such as COP, and the surface section to the minimum. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention 
indicated to claim 1 of this invention Produce the bond wafer which forms a SOI layer from the 
silicon single crystal by the Czochrlski method, and the base wafer used as this bond wafer and 
a support substrate is combined through an oxide film. In the manufacture approach of a SOI 
wafer of performing thin film-ization of a bond wafer after that As said bond wafer, the growth 
rate of the silicon single crystal by the Czochrlski method is pulled up as 0.6 or more mm/min. A 
content oxygen density grows the silicon single crystal rod with which COP of 16 or less ppmas 
exists in high density. It is the manufacture approach of the SOI wafer characterized by using 
what sliced this silicon single crystal rod, processed it into the silicon wafer, and added heat 
treatment in a reducing atmosphere to this silicon wafer. 

[0013] Thus, it sets to the manufacture approach of the SOI wafer using CZ wafer as a bond 
wafer. As a bond wafer, the growth rate of the silicon single crystal by the Czochrlski method is 
pulled up as 0.6 or more mm/min. A content oxygen density grows the silicon single crystal rod 
with which COP of 16 or less ppmas exists in high density. If what sliced this silicon single 
crystal rod, processed it into the silicon wafer, and added heat treatment in a reducing 
atmosphere to this silicon wafer is used The SOI layer of a SOI wafer becomes that to which 
COP decreased sharply, and it is etching and heat treatment in a SOI wafer production process 
or a device process. An embedding oxide film is etched, or an open circuit cannot take place at a 
wiring process, and yields, such as a device process, can be raised remarkably. 
[0014] Moreover, invention indicated to claim 2 of this invention produces the bond wafer which 
forms a SOI layer from the silicon single crystal by the Czochrlski method, and the base wafer 
used as this bond wafer and a support substrate is combined through an oxide film. In the 
manufacture approach of a SOI wafer of performing thin film-ization of a bond wafer after that 
As said bond wafer, the growth rate of the silicon single crystal by the Czochrlski method is 
pulled up as 0.6 or more mm/min. A content oxygen density grows the silicon single crystal rod 
with which COP of 16 or less ppmas exists in high density. It is the manufacture approach of the 
SOI wafer characterized by slicing this silicon single crystal rod, processing it into a silicon 
wafer, using rapid heating and quick cooling equipment for this silicon wafer, and using what 
added heat treatment more than for 1 second at the temperature of 1200 degrees C or more 
into the reducing atmosphere. 



[0015] Thus, it sets to the nH^Hbcture approach of the SOI wafer usi^^Z wafer as a bond 
wafer. To the silicon wafer which was sliced and was obtained from the silicon single crystal rod 
of the quality same as a bond wafer as invention indicated to claim 1 If what added heat 
treatment more than for 1 second at the temperature of 1200 degrees C or more into the 
reducing atmosphere is used using rapid heating and quick cooling equipment The SOI layer of a 
SOI wafer becomes that to which COP decreased sharply, and it is etching and heat treatment 
in a SOI wafer production process or a device process. An embedding oxide film is etched, or an 
open circuit cannot take place at a wiring process, and yields, such as a device process, can be 
raised remarkably. 

[0016] Here, rapid heating and forced cooling throw in a wafer immediately in the heat treating 
furnace set as said temperature requirement, and is the approach of heat-treating immediately 
with the approach of taking out immediately, the lamp heater after arranging a wafer in the 
setting location in a heat treating furnace, etc. after said heat treatment passage of time. 
Supplying immediately and taking out throws [ this ] in a wafer slowly, I hear that it does not 
perform the so-called loading to take out and unloading actuation, and it is in the temperature up 
in fixed time amount currently performed conventionally, and temperature fall actuation and a 
heat treating furnace. However, in order to carry to the predetermined location in a furnace, 
naturally it has a certain amount of time amount, and is carried out in several seconds to several 
minutes according to the capacity of the migration equipment for throwing in a wafer. Equipment 
with such a function is called rapid heating and quick cooling equipment (it may be called RTA 
equipment for short Rapid Termal Annealer and the following). 

[0017] And invention indicated to claim 3 of this invention Produce the bond wafer which forms a 
SOI layer from the silicon single crystal by the Czochrlski method, and the base wafer used as 
this bond wafer and a support substrate is combined through an oxide film. In the manufacture 
approach of a SOI wafer of performing thin film-ization of a bond wafer after that As said bond 
wafer, the growth rate of the silicon single crystal by the Czochrlski method is pulled up as 0.6 or 
more mm/min. A content oxygen density grows the silicon single crystal rod with which COP of 
16 or less ppmas exists in high density. It is the manufacture approach of the SOI wafer 
characterized by slicing this silicon single crystal rod, processing it into a silicon wafer, using a 
batch type heat treating furnace for this silicon wafer, and using what added heat treatment for 
30 minutes or more at the temperature of 1200 degrees C or more into the reducing 
atmosphere. 

[0018] Thus, it sets to the manufacture approach of the SOI wafer using CZ wafer as a bond 
wafer. To the silicon wafer which was sliced and was obtained from the silicon single crystal rod 
of the quality same as a bond wafer as invention indicated to claim 1 If what added heat 
treatment for 30 minutes or more at the temperature of 1 200 degrees C or more into the 
reducing atmosphere is used using a batch type heat treating furnace The SOI layer of a SOI 
wafer becomes that to which COP decreased sharply, and it is etching and heat treatment in a 
SOI wafer production process or a device process. An embedding oxide film is etched, or an 
open circuit cannot take place at a wiring process, and yields, such as a device process, can be 
raised remarkably. 

[0019] What [ usually lays two or more wafers in two or more plates prepared in the vertical 
mold heat treating furnace with a batch type heat treating furnace here ] There are some which 
teach two or more wafers to the boat formed in the horizontal-type heat treating furnace. After 
introducing hydrogen gas and carrying out a temperature up comparatively gently, a lot of [ at 
once ] heat treatment is possible, it is the thing of the furnace heat-treated by the so-called 
batch type which performs predetermined time heat treatment and is lowered comparatively 
slowly at predetermined temperature, and the stable operation is [ it excels in the controllability 
of temperature and ] possible. 

[0020] in this case, as indicated to claim 4, having ground, before combining with a base wafer 
was desirable, and it indicated the bond wafer which added reducibility heat treatment to claim 5 
— as — this polish — polish cost — grinding by 5-1 5nm is desirable. This is because bond 
strength can be raised while being able to remove Hayes produced by heat treatment and the 
incidence rate of a void (uncombined section) falling if it joins together after grinding about 5- 



15nm of the front face since^^^** called Hayes to the front face of ^^^vafer which added 
reducibility heat treatment arises. 

[0021] In this case, as indicated to claim 6, thin filnrHzation of a bond wafer can be performed by 
grinding and the grinding method, and the gas-phase-etching method. Here, grinding and the 
grinding method, and a gas-phase-etching method are the approach of equalizing thickness while 
improving the surface roughness of a SOI layer front face the approach of carrying out grinding 
until it becomes the SOI layer membrane thickness of a request of a bond wafer, and grinding on 
the SOI layer front face, after combining a bond wafer and a base wafer through an oxide film, or 
by performing gas phase etching further, and thin filnrHzation of a bond wafer can be performed 
easily. 

[0022] in addition — this gas phase etching — for example, PACE (Plasma Assisted Chemical 
Etching) — the approach of producing a thin film with thickness very uniform ultra-thin 
according to that map by removing a thick part by gas phase etching locally with numerical 
control can be mentioned by measuring distribution of thickness of the silicon layer which it is 
going to etch beforehand like law, and creating the map of a thickness distribution. 
[0023] In this case, as indicated to claim 7, thin film-ization of a bond wafer can be performed 
with an ion-implantation separation method. With an ion-implantation separation method, while 
forming an oxide film at least in one side between two wafers, a bond wafer and a base wafer, 
here A hydrogen ion or rare gas ion is poured in from the top face of a bond wafer. After making 
a minute air-bubbles layer (enclosure layer) form in the interior of this wafer, the field of the 
direction which poured in this ion is stuck with a base wafer through an oxide film. By adding the 
postheat treatment and separating a bond wafer in the shape of a thin film by making a minute 
air-bubbles layer into a cleavage plane, it is the approach of performing thin film-ization of a 
bond wafer (refer to JP.5-21 1 128,A). With such an approach, this cleavage plane is a good mirror 
plane, and can obtain comparatively easily a SOI wafer also with the high homogeneity of the 
thickness of a SOI layer. 

[0024] And as indicated to claim 8 of this invention, 100% hydrogen ambient atmosphere or the 
mixed ambient atmosphere of hydrogen and an argon, then the heat treatment effectiveness can 
fully be mentioned for said reducing atmosphere, COP can be decreased remarkably, a cavity 
can be filled with silicon, and it can consider as a defect-free wafer mostly. 
[0025] Furthermore, invention indicated to claim 9 of this invention is the SOI wafer 
manufactured by the manufacture approach indicated to said claim 1 thru/or claim 8. Thus, the 
SOI wafer manufactured by the manufacture approach indicated to claim 1 thru/or claim 8 has 
very little COP of a SOI layer, and it can actually use it as a defect-free SOI wafer. Therefore, 
dependability of a device can be used as the very quality SOI wafer whose yield improves 
remarkably and also improves. 

[0026] Hereafter, it explains to a pan per this invention at a detail, this invention person about 
CZ wafer used for the bond wafer which forms the SOI layer of a SOI wafer As a result of 
repeating an experiment and investigation variously about the manufacture conditions which can 
decrease COP which exists in the front face or the interior of this wafer, to this If hydrogen 
annealing etc. is heat-treated to the wafer which pulled up the single crystal at high speed, 
produced the single crystal rod with which COP of minute size exists in high density by hypoxia 
concentration, and was obtained after this A COP consistency decreases remarkably, the 
knowledge of the ability to obtain a defect-free SOI wafer from this silicon wafer is carried out, 
terms and conditions are scrutinized, and this invention is completed. 

[0027] The fundamental view of this invention is based on the following knowledge. The artificer 
of this invention previously to COP in the silicon single crystal pulled up on condition that usual 
[ of the Czochrlski method ] Besides COP of the twin which is the order whose whole size is 
100-300nm - a triplet mold, with the structure which 2-3 cavities of the regular octahedron 
surrounded with the thin oxide film whose thickness is 2-4nm connected It is the order whose 
whole size is 60-1 30nm in the cavity of the independent regular octahedron of one piece, and 
discovered whether an oxide film is still thinner than a twin - triplet mold and that COP of the 
single mold not existing existed for the first time. 

[0028] If the difference in the generation condition of COP of this single mold and a twin - triplet 



mold is pulled up with the C 




Iski method at high speed and it que 



much COP with 



small size will occur with a single mold, and the single mold COP which is not further attached 
[ whether the oxide film of a COP wall is very thin and ] by hypoxia concentration will be 
generated. Conversely, although it will grow up to be COP of a twin - triplet mold and a number 
will decrease if it pulls up at a low speed and cools slowly, the oxide film of a COP wall tends to 
become thick. 

[0029] Then, as a result of analyzing the above-mentioned phenomenon in a detail further, in 
order to reduce defects, such as COP, conventionally, single crystal growth was performed at a 
low speed, and it turned out that it was going to extinguish the big remaining twin - the triplet 
mold COP by hydrogen annealing after becoming a wafer. Now, upwards one COP is too large, 
and since a thick oxide film is shown in the front face, it is difficult to make it disappear by 
hydrogen annealing. On the other hand, if grow up the low single crystal of a content oxygen 
density, it is minute, the single crystal rod made to generate many thin single molds COP is 
conversely made from this invention at high speed even if there is COP which does not have an 
oxide film in a front face, or an oxide film, and heat treatment by hydrogen annealing etc. is 
performed to a wafer after that, I will think that COP can disappear easily and completely. 
[0030] Although there was much number of COP, size makes a pull-up rate what has many 
things of 60-1 30nm and a small single mold, and it was made not to grow up to be a twin - triplet 
mold as much as possible as a high speed of 0.8 or more mm/min more preferably 0.6 or more 
mm/min among silicon single crystal growth conditions in this invention. Therefore, it is desirable 
to grow up a crystal as much as possible more preferably at high speed according to the 
diameter of the pull-up crystal of 1.0 or more mm/min in this invention. In less than 0.6 mm/min, 
although it becomes slow speed cooling, it grows up to be the twin - triplet mold COP and the 
number decreases, since the oxide film of a COP wall also becomes thick, it is not desirable. In 
this one single type COP of size, the oxide film of a wall is not growing by hypoxia concentration 
by about 60-1 30nm in many cases. 

[0031] As quality of a silicon single crystal rod, a content oxygen density is preferably set to 10 
or less ppmas below 16ppma(s) (JEIDA). It comes to influence the quality and productivity of a 
SOI wafer that the oxide film of the COP wall generated when 1 6ppma(s) were exceeded 
becomes thick, disappearance of COP in subsequent heat treatment becomes imperfect, or heat 
treatment time amount becomes long etc. 

[0032] In order to control the content oxygen density of a silicon single crystal rod, it can attain 
easily conventionally by well-known approaches, such as controlling appropriately the inert gas 
flow rate in a crystal pulling furnace, the rotational frequency of a crucible, the rotational speed 
of a growth single crystal, the temperature of silicon melt, etc. 

[0033] Then, COP can be remarkably decreased by performing heat treatment in a reducing 
atmosphere for the silicon wafer which sliced and obtained the above-mentioned silicon single 
crystal rod. It is also possible to make a COP consistency into zero substantially. And the SOI 
wafer which has a defect-free SOI layer substantially can be manufactured by using this heat- 
treated wafer for the bond wafer which forms a SOI layer. 

[0034] Moreover, COP can be remarkably decreased by staying with RTA equipment under the 
reducing atmosphere of mixing of heat treatment with 1 00% of hydrogen concentration, hydrogen, 
and an argon, and making the silicon wafer which sliced and obtained the above-mentioned 
silicon single crystal rod stay more than for 30 minutes with a batch type heat treating furnace 
more than for 1 second at the temperature of 1200 degrees C or more using rapid heating and 
quick cooling equipment (RTA equipment), or a batch type heat treating furnace. It is also 
possible to make a COP consistency into zero substantially especially according to this heat 
treatment condition. And the SOI wafer which has a defect-free SOI layer substantially can be 
manufactured by using this heat-treated wafer for the bond wafer which forms a SOI layer. 
[0035] when an artificer investigates about the case where the defect-free CZ silicon wafer 
obtained as mentioned above is applied as a bond wafer of a SOI wafer, before [ moreover, ] 
combining the bond wafer which added this heat treatment through a base wafer and an oxide 
film — the front face of a bond wafer — polish cost — it found out that it was suitable to grind 
by about 5-1 5nm. 
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[0036] In the front face of tl 




d wafer with which hydrogen anneal 



c was heat-treated, 



****** arises by the pit (hollow) where the very small bottom of high density generally called 
Hayes is shallow. This Hayes becomes the cause which a void generates, in case it combines 
with a base wafer after that. By this void, association with a bond wafer and a base wafer may 
become poor. Then, if the front face of a bond wafer is ground by little about 5-1 5nm polish cost 
after heat-treating, this Hayes can be removed completely and can also strengthen bond 
strength. In addition, since the reduction effectiveness of COP by heat treatment is so 
remarkable that it is close to the front face of a bond wafer, little direction of this polish cost is 
good in the range which can remove Hayes. 

[0037] And although thin film-ization of a bond wafer is performed and a SOI layer is formed, thin 
film-ization of this bond wafer can also be performed by polish and a usual grinding method, and 
a usual gas-phase-etching method, and it can also carry out with an ion-implantation separation 
method. 

[0038] Here, when performing thin film-ization of a bond wafer with an ion-implantation 
separation method, after performing polish which removes Hayes produced by the above- 
mentioned heat treatment, it is desirable to pour ion into the ground field. This is because the 
variation in the machining allowance of polish may worsen distribution of the impregnation depth 
and the thickness homogeneity of a SOI layer may get worse as a result, when it grinds after 
impregnation. If ion is poured in after the polish for this Hayes removal, it can prevent that the 
thickness homogeneity of a SOI layer gets worse. 
[0039] 

[Embodiment of the Invention] Hereafter, although explained per operation gestalt of this 
invention, this invention is not limited to these. If rapid heating and the equipment which can cool 
quickly carry out the heating method of the silicon wafer used by the heat treatment process of 
this invention, equipment like the heater by the lamp heating method by thermal radiation, the 
laser-heating method by the laser beam, the X-ray heating method by the X-ray, and the 
resistance heating method can be mentioned. As what is marketed, for example, the product 
made from AST and equipment like SHS-2800 can be mentioned, and these are not 
extraordinarily complicated and expensive. 

[0040] Here, an example of the rapid heating and quick cooling equipment of the silicon single 
crystal wafer used by this invention (RTA equipment) is shown. Drawin g 3 is the schematic 
diagram of RTA equipment. The thermal treatment equipment 20 of drawin g 3 has the bell jar 11 
which consists of silicon carbide or a quartz, and heat-treats a wafer within this bell jar 11. The 
heating heater 12 and 12' which are arranged so that a bell jar 1 1 may be surrounded perform 
heating. This heating heater is divided in the vertical direction, and can control now the power 
supplied independently, respectively. Of course, a heating method is not limited to this and is 
good also as the so-called radiation heating, a high-frequency-heating method, etc. The housing 
1 3 for covering heat is arranged on the outside of the heating heater 1 2 and 1 2'. 
[0041] Down the furnace, the water-cooled chamber 14 and the base plate 15 have been 
arranged, and the open air is blocked in a bell jar 11. And a wafer 18 is held on a stage 17 and 
the stage 17 is attached in the upper limit of the support shaft 16 which can move up and down 
freely by the motor 19. Wafer insertion opening which is not illustrated [ which is constituted 
possible / closing motion / with a gate valve ] is prepared in the water-cooled chamber 14 so 
that a wafer can be taken in and out of a longitudinal direction in a furnace. Moreover, gas input 
and an exhaust port are established in the base plate 15, and the gas ambient atmosphere in a 
furnace can be adjusted now to it. 

[0042] Rapid heating of a wafer and heat treatment which cools quickly are performed as follows 
by the above thermal treatment equipments 20. First, by the heating heater 12 and 12', the 
inside of a bell jar 1 1 is heated in request temperature of 1200 degrees C or more, and is held to 
the temperature. If a supply voltage is controlled independently for each divided heating heater, 
temperature distribution can be given for the inside of a bell jar 1 1 along the height direction. 
Therefore, the location of insertion of a stage 17, i.e., the amount into the furnace of the support 
shaft 16, can determine the processing temperature of a wafer. 

[0043] If the inside of a bell jar 1 1 is maintained at request temperature, with the non-illustrated 



wafer handling device which ^^^is a thermal treatment equipment 20^^Jis arranged, a wafer 
will be put in from insertion opening of the water-cooled chamber 14, and a wafer will be put for 
example, through a SiC boat on the stage 1 7 made to stand by in the lowest end position. Since 
water cooling of the water-cooled chamber 14 and the base plate 15 is carried out at this time, a 
wafer is not elevated-temperature-ized in this location. 

[0044] And if installation of a up to [ the stage 1 7 of a wafer ] is completed, by inserting the 
support shaft 16 into a furnace by the motor 19 immediately, a stage 17 will be raised to the 
request temperature location of 1 200 degrees C or more, and elevated-temperature heat 
treatment will be added to the wafer on a stage. In this case, since migration from the stage 
lower limit location in the water-cooled chamber 14 to a request temperature location takes only 
about 20 seconds, a wafer will be heated quickly. 

[0045] And elevated-temperature heat treatment for a stop time can be added to a wafer by 
carrying out a predetermined time halt (above for 1 second) of the stage 17 in a request 
temperature location. If predetermined time passes and elevated-temperature heat treatment is 
completed, by drawing out the support shaft 16 out of a furnace by the motor 19 immediately, a 
stage 1 7 will be dropped and it will consider as the lower limit location in the water-cooled 
chamber 14. This downward actuation can also be performed in about 20 seconds. Since water 
cooling of the water-cooled chamber 14 and the base plate 15 is carried out, the wafer on a 
stage 1 7 is cooled quickly. Finally, heat treatment is completed by taking out a wafer with a 
wafer handling device. Since the temperature of a thermal treatment equipment 20 is not made 
to lower when there is a wafer furthermore heat-treated, a wafer can be thrown in one after 
another and it can heat-treat continuously. 

[0046] Although it can be used as 100% of hydrogen gas, or the reducing atmosphere of heat 
treatment adjusts the reducing power of hydrogen, it controls generating of a slip rearrangement 
in addition is good also as gaseous mixture with an argon from the reason of insurance superiors. 
The temperature conditions of heat treatment were made into 1200 degrees C or more, and the 
processing time was considered as the above for 1 second. It is difficult to extinguish COP 
nearly completely at less than 1200 degrees C, and the heat treatment effectiveness is not 
acquired in a short time for less than 1 second. 

[0047] Thus, surface COP has almost disappeared and can use as a defect-free silicon wafer 
especially the wafer that used RTA equipment for the wafer which has COP with the small size 
of this invention, heat-treated, and was obtained. Therefore, if a SOI wafer is manufactured by 
using this heat-treated wafer as a bond wafer, the SOI wafer which has a defect-free SOI layer 
can be manufactured, and the yield of device production can be raised. In the case of RTA 
equipment, a temperature up rate is very quick, since the time amount taken to become the 
temperature to which COP disappears is very short, even if many single molds COP exist, it 
becomes an elevated temperature easily, and it is thought that COP disappears. 
[0048] A batch type heat treating furnace can also be used as another thermal treatment 
equipment. Here, after a batch type heat treating furnace lays two or more wafers in the heat 
treating furnace of a vertical mold or a horizontal type, introduces hydrogen gas into it and it 
usually carries out a temperature up to it comparatively gently, it is a heat treating furnace of 
the so-called batch type which performs predetermined time heat treatment and is lowered 
comparatively slowly at predetermined temperature. A lot of [ at once ] heat treatment is 
possible for this batch type heat treating furnace, it excels in the controllability of temperature 
and the stable operation is possible. 

[0049] Although heat treatment conditions, such as hydrogen annealing by the batch type heat 
treating furnace, are not fundamentally different from the case of the above-mentioned RTA 
equipment and being processed above 1200 degrees C under 100% ambient atmosphere of 
hydrogen gas, or a mixed ambient atmosphere with an argon, heat treatment time amount has 
the desirable above for 30 minutes. In less than 30 minutes, the heat treatment effectiveness 
does not go up enough, but COP seldom disappears in them. 

[0050] Thus, most COP of the wafer which heat-treated to the wafer which has COP with the 
small size of this invention, and was obtained also by the batch type heat treating furnace has 
disappeared, and can manufacture a defect-free silicon single crystal wafer. Therefore, if a SOI 



wafer is manufactured by usi^^is heat-treated wafer as a bond waf^^Pre SOI wafer which 
has a defect-free SOI layer can be manufactured, and the yield of device production can be 
raised. 

[0051] Moreover, according to another measuring method, abbreviation one half when the 
direction processed with the batch type heat treating furnace processes with RTA equipment 
about the total of COP of the wafer surface section to about 0.5-micrometer depth, and an 
advantageous result are obtained from the wafer front face, and it can use properly with RTA 
equipment according to the purpose. 

[0052] Thus, it is desirable to obtain the bond wafer which performs polish which removes Hayes 
produced by heat treatment of the above-mentioned reducibility to the obtained silicon wafer, 
and forms the SOI layer of a SOI wafer in it. This bond wafer and a base wafer are combined 
with below through an oxide film, thin filrrHzation of a bond wafer is performed after that, and 
although how to manufacture a SOI wafer is explained with reference to a drawing, this invention 
is not limited to these. 

[0053] First, the case where thin filrrHzation of a bond wafer is performed by grinding and the 
grinding method, and the gas-phase-etching method is explained. Here, drawin g 1 shows an 
example of the production process of the SOI wafer in the case of performing thin film-ization of 
a bond wafer by grinding and the grinding method, and the gas-phase-etching method. 
[0054] The bond wafer 2 and the base wafer 3 which are a raw material wafer for manufacturing 
a SOI substrate by lamination first in drawin g 1 are prepared ( drawin g 1 (a)). Here, in this 
invention, the bond wafer 2 which forms a SOI layer at least pulls up the growth rate of the 
silicon single crystal by the above-mentioned Czochrlski method as 0.6 or more mm/min, and 
uses it as the defect-free silicon wafer by which the content oxygen density was produced by 
the approach of performing reducibility heat treatment to the wafer which grew the silicon single 
crystal rod with which COP of 16 or less ppmas exists in high density, and was obtained from 
this single crystal rod with RTA equipment or a batch type heat treating furnace. Of course, it is 
good also considering two wafers as this defect-free silicon wafer. 

[0055] And oxidation heat treatment is performed to at least one side of the prepared silicon 
wafer, and an oxide film 4 is formed in a wafer front face ( drawin g 1 (b)). Formation of the oxide 
film in this case is not necessarily performed to both wafers, but ** may also be good, may be 
formed only in the bond wafer 2, and may be formed only in the base wafer 3. 
[0056] Next, the bond wafer 2 and the base wafer 3 in which this oxide film was formed are 
stuck under a pure ambient atmosphere ( dra wi ng 1 (c)). Heat treatment is added to this under 
an oxidizing quality ambient atmosphere, the bond wafer 2 and the base wafer 3 are combined 
firmly, and it considers as the SOI substrate 1. At this time, the bond wafer 2 and the base wafer 
3 are combined firmly ( drawin g 1 (d)). What is necessary is just to carry out at the temperature 
of 200 degrees C - 1200 degrees C, for example under the ambient atmosphere containing 
oxygen or a steam as heat treatment conditions for heat treatment for combining these two 
wafers firmly. 

[0057] Next, if the front face of the bond wafer 2 is thin-film-ized by the desired thickness by 
grinding and polish, and gas phase etching according to the usual approach as shown in drawin g 1 
(e), the SOI substrate 1 which has the defect-free SOI layer 5 substantially can be 
manufactured. In this case, if it etches by the above mentioned PACE method, the display 
flatness of a SOI layer will become very good. 

[0058] On the other hand, the case where thin film-ization of a bond wafer is performed with an 
ion-implantation separation method is explained. Here, drawin g 2 shows an example of the 
production process of the SOI wafer in the case of performing thin film-ization of a bond wafer 
with an ion-implantation separation method. 

[0059] The bond wafer 2 and the base wafer 3 which are a raw material wafer for manufacturing 
a SOI substrate by lamination first in drawin g 2 are prepared ( drawin g 2 (a)). Here, in this 
invention, the bond wafer 2 which forms a SOI layer at least pulls up the growth rate of the 
silicon single crystal by the above-mentioned Czochrlski method as 0.6 or more mm/min, and 
uses it as the defect-free silicon wafer by which the content oxygen density was produced by 
the approach of performing reducibility heat treatment to the wafer which grew the silicon single 



which COP d^fcor less ppmas exists in high density, ^^/vas obtained from 
this single crystal rod with RTAequipment or a batch type heat treating furnace. Of course, it is 
good also considering two wafers as this defect-free silicon wafer. 

[0060] And oxidation heat treatment is performed to the prepared silicon wafer, and an oxide film 
4 is formed in a wafer front face ( drawin g 2 (b)). Formation of the oxide film in this case is not 
necessarily performed to both wafers, but ** may also be good, may be formed only in the bond 
wafer 2, and may be formed only in the base wafer 3. 

[0061] Next, to the field combined with the base wafer 3 of the bond wafer 2, a hydrogen ion or 
rare gas ion is poured in, and the minute air-bubbles layer (enclosure layer) 6 parallel to the front 
face of a bond wafer is formed ( drawing 2 (c)). Here, the bond wafer 2 is the prepared phase 
and, unlike the case where Hayes produced by heat treatment for obtaining a defect-free silicon 
wafer is ground after an ion implantation since it is removed by polish, a bad influence does not 
come out of it to the thickness homogeneity of a SOI layer. 

[0062] And the base wafer 3 is piled up and stuck to the impregnation side of the bond wafer 2 
which poured in a hydrogen ion or rare gas ion through an oxide film ( drawin g 2 (d)). Wafers 
paste up by contacting the front faces of two wafers under the pure ambient atmosphere of 
ordinary temperature, without using adhesives etc. 

[0063] Next, it separates into the exfoliation wafer 7 and the SOI wafer 1 by exfoliating bordering 
on the enclosure layer 6 ( drawing 2 (e)). This is separable into the exfoliation wafer 7 and the 
SOI wafer 1 with the rearrangement of a crystal, and condensation of air bubbles, if heat 
treatment is added at the temperature of about 500 degrees C or more for example, under an 
inert gas ambient atmosphere. 

[0064] And in the bonding strength of the stuck wafers, since it is weak for using it at a device 
process as it is, as heat-of-linkage processing, hot heat treatment is performed to the SOI wafer 
1, and let bond strength be sufficient thing ( drawin g 2 (f)). This heat treatment should just 
perform heat treatment of 2 hours from 30 minutes at 1050 degrees C - 1200 degrees C for 
example, under an inert gas ambient atmosphere. In this way, the SOI wafer which has a defect- 
free SOI layer substantially can be obtained ( drawin g 2 (g)). 

[0065] As explained above, even if it is which approach, the manufacture approach of the SOI 
wafer of this invention can manufacture the SOI wafer of the high quality which has a defect- 
free SOI layer. And since there is no COP and a through tube does not occur in a SOI layer 
when thin-film-izing a SOI layer to 1 micrometer or less, especially this invention has the high 
value using the approach of this invention. And the SOI wafer manufactured by this approach is 
a SOI wafer of high quality with a SOI layer with high electric dependability, its yield of device 
production is high, and the utility value on industry is very high. 
[0066] 

[Example] Although the example and the example of a comparison of this invention are given and 
being explained concretely hereafter, this invention is not limited to these. 
(An example 1 , example 1 of a comparison) The bond wafer which forms a SOI layer from the 
silicon single crystal by the Czochrlski method was produced, the base wafer used as this bond 
wafer and a support substrate was combined through the oxide film, thin film-ization of a bond 
wafer was performed after that, and the SOI wafer was manufactured. 

[0067] In this example, the raising rate (SE) of the silicon single crystal by the Czochrlski method 
was first made into 1.4 mm/min, and the content oxygen density (Oi) grew the silicon single 
crystal rod of 12ppma(s), and this single crystal rod was sliced, it was processed into the silicon 
wafer, and crystallographic-axis bearing produced the silicon wafer whose conductivity type is a 
p mold and whose diameter resistivity is 10 ohm-cm and is 200mm in <100>. 
[0068] RTA equipment (SHSmade from AST- 2800) was used for this silicon wafer, and heat 
treatment for 10 seconds was added to it at 1200 degrees C under the ambient atmosphere of 
100% hydrogen, and the field which uses this silicon wafer as the bond wafer which forms a SOI 
layer, and is combined with the base wafer of this bond wafer — polish cost — 10nm polish was 
given and Hayes produced by heat treatment on the wafer front face was removed. 
[0069] The SOI wafer whose thickness of a SOI layer is about 100nm was manufactured 
according to the process shown in drawing 2 (a) - (g) using this bond wafer. The main 



manufacture conditions are a^^^ows. 

1) oxide film formation condition: — 75nm of bond wafer oxide film thickness, 325nm of base 
wafer oxide film thickness, 2 hydrogen-ion impregnation condition:impregnation energy 20keV, 
impregnation dosage 8x1016 atoms/cm2, and 3 exfoliation heat treatment condition:N2 The 
bottom of a gas ambient atmosphere, and 500 degrees C, 30 minutes and 4 heat-of-linkage 
processing condition:N2 The bottom of a gas ambient atmosphere, 1 100 degrees C, and 2 hours. 
[0070] Thus, COP of the SOI layer of the manufactured SOI wafer was observed with HF dip 
method. In this HF dip method, if there is a defect which penetrates a SOI layer when a SOI 
wafer is first dipped in an HF50% water solution for about ten minutes, it will embed through this, 
HF will reach an oxide film, an oxide film will be etched, and an etch pit will be formed. And COP 
is observed by spacing a thin SOI layer and observing this etch pit formed in an oxide film with 
an optical microscope. It scans in the diameter direction on the front face of a wafer, and the 
microscope observation in this example is 2 a total of 20cm. The number of pits of a field was 
observed. 

[0071] if the number of the observed pit is zero piece and it converts into a COP consistency as 
a result of this measurement — 0 piece/cm2 it was . This measurement result shows that the 
SOI wafer which has a defect-free SOI layer substantially by the manufacture approach of this 
invention can be manufactured. 

[0072] On the other hand, the silicon single crystal was grown up on the same conditions as the 
above-mentioned example 1 as an example 1 of a comparison, the silicon wafer was produced, 
and the SOI wafer was manufactured at the same process except not performing heat treatment 
by RTA equipment to a wafer. To the SOI wafer of this example 1 of a comparison, COP by HF 
dip method was observed as well as the example 1 . if the number of the observed pit is 57 
pieces and it converts into a COP consistency as a result of this measurement — 2.9 
piece/cm2 it was . From this measurement result, the fall of electric dependability and the fall of 
the device production yield are expected by the wafer of this example 1 of a comparison. 
[0073] (An example 2, example 2 of a comparison) Except the oxygen density, the bond wafer 
which forms a SOI layer from the silicon single crystal by the Czochrlski method was produced 
almost like the example 1 , the base wafer used as this bond wafer and a support substrate was 
combined through the oxide film, thin film-ization of a bond wafer was performed after that, and 
the SOI wafer was manufactured. 

[0074] In this example, except that content oxygen densities (Oi) were 16ppma(s) first, the same 
silicon single crystal rod as an example 1 was grown up, this single crystal rod was sliced and it 
was processed into the silicon wafer, and crystal orientation is <100>, a conductivity type is a p 
mold and the silicon wafer whose resistivity is 10 ohm-cm and whose diameter is 200mm was 
produced. 

[0075] The batch type heat treating furnace was used for this silicon wafer, and heat treatment 
for 60 minutes was added to it at 1200 degrees C under the ambient atmosphere of 100% 
hydrogen, and the field which uses this silicon wafer as the bond wafer which forms a SOI layer, 
and is combined with the base wafer of a bond wafer — polish cost — 10nm polish was given 
and Hayes produced by heat treatment on the front face of a wafer was removed. 
[0076] The SOI wafer was manufactured according to the same process as an example 1, and 
manufacture conditions using this bond wafer. And COP of the SOI layer by HF dip method was 
observed as well as the example 1. if the number of the observed pit is six pieces and it converts 
into a COP consistency as a result of this measurement — 0.3 piece/cm2 it was . This 
measurement result shows that the SOI wafer which has a SOI layer with very few defects by 
the manufacture approach of this invention can be manufactured. 

[0077] On the other hand, the silicon single crystal was grown up on the same conditions as an 
example 2 as an example 2 of a comparison, the silicon wafer was produced, and the SOI wafer 
was manufactured at the same process except not performing heat treatment by the batch type 
heat treating furnace to a wafer. To the SOI wafer of this example 2 of a comparison, COP by 
HF dip method was observed as well as the example 2. if the number of the observed pit is 62 
pieces and it converts into a COP consistency as a result of this measurement — 3.1 
piece/cm2 it was . From this measurement result, the fall of electric dependability and the fall of 



the device production yield bf^^P are expected by the wafer of this J^^iple 2 of a 

comparison, 

[0078] (An example 3, example 3 of a comparison) The bond wafer which forms a SOI layer from 
the silicon single crystal by the Czochrlski method was produced, the base wafer used as this 
bond wafer and a support substrate was combined through the oxide film, thin film-ization of a 
bond wafer was performed after that, and the SOI wafer was manufactured. 
[0079] In this example, except that the raising rates of silicon were 0.95 mm/min first and 
content oxygen densities (Oi) were 16ppma(s), the same silicon single crystal rod as an example 
1 was grown up, this single crystal rod was sliced and it was processed into the silicon wafer, 
and crystal orientation is <100>, a conductivity type is a p mold and the silicon wafer whose 
resistivity is 10 ohm-cm and whose diameter is 200mm was produced. 

[0080] The same heat treatment as an example 1 was added to this silicon wafer, and the field 
which uses this silicon wafer as the bond wafer which forms a SOI layer, and is combined with 
the base wafer of a bond wafer — polish cost — 10nm polish was performed and Hayes 
produced by heat treatment on the front face of a wafer was removed. 

[0081] The SOI wafer was manufactured according to the process shown in drawing 1 (a) - (e) 
using this bond wafer. The main manufacture conditions are as follows. 
1) oxide film formation condition: — 150nm of bond wafer oxide film thickness, Onm of base 
wafer oxide film thickness, and 2 heat-of-linkage processing condition:02 the polish cost after 
carrying out PACE processing until 3 grinding and polish conditiomSOI layer membrane thickness 
are set to 4 micrometers under a gas ambient atmosphere for 1 100 degrees C and 2 hours and 
grinding and polish, and 4 thin-film-ized condition:SOI layer membrane thickness are set to 
1 10nm — 10nm polish. 

[0082] Thus, to the manufactured SOI wafer, COP of the SOI layer by HF dip method was 
observed as well as the example 1. if the number of the observed pit is one piece and it converts 
into a COP consistency as a result of this measurement — 0.1 piece/cm2 it was . This 
measurement result shows that the SOI wafer which has a defect-free SOI layer substantially by 
the manufacture approach of this invention can be manufactured. 

[0083] On the other hand, the silicon single crystal was grown up on the same conditions as an 
example 3 as an example 3 of a comparison, the silicon wafer was produced, and the SOI wafer 
was manufactured at the same process except not performing heat treatment by RTA equipment 
to a wafer. To the SOI wafer of this example 3 of a comparison, COP by HF dip method was 
observed as well as the example 1. if the number of the observed pit is 43 pieces and it converts 
into a COP consistency as a result of this measurement — 2.2 piece/cm2 it was . From this 
measurement result, the fall of electric dependability and the fall of the device production yield 
are expected by the wafer of this example 3 of a comparison. 

[0084] In addition, this invention is not limited to the above-mentioned operation gestalt. The 
above-mentioned operation gestalt is instantiation, and no matter it may be what thing which has 
the same configuration substantially with the technical thought indicated by the claim of this 
invention, and does the same operation effectiveness so, it is included by the technical range of 
this invention. 

[0085] For example, although the above-mentioned operation gestalt explained focusing on the 
case where stick two silicon wafers and a SOI substrate is manufactured, this invention is 
effective in reducing the crystal defect of a SOI layer, also when sticking the silicon wafer 
produced by the Czochrlski method, and an insulating substrate like a quartz, silicon carbide, 
silicon nitride, an alumina, sapphire, and other ceramic material and producing a SOI substrate, 
and it cannot be overemphasized that it can apply. 

[0086] Moreover, although the bond wafer which forms a SOI layer explained focusing on the 
case where it is CZ wafer with a diameter of 200mm, with the above-mentioned operation 
gestalt, this invention is not limited to this, and this invention can be applied, when it is the large 
diameter of 200mm or more, or also when it is the small diameter of 150mm or less. 
[0087] Furthermore, with the above-mentioned operation gestalt, after heat-treating to a bond 
wafer, the SOI wafer is produced, but after producing a SOI wafer using the bond wafer of the 
same specification, even if it performs same heat treatment, the same effectiveness as this 



invention is acquired. 
[0088] 



[Effect of the Invention] As mentioned above, as explained in full detail, the SOI wafer which 
does not almost have COP in a SOI layer can be obtained by the sex from Takao by 
manufacturing a SOI wafer by the manufacture approach of the SOI wafer of this invention. 
Therefore, the electric dependability of a SOI wafer and the yield of device production can be 
raised. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (e) shows an example of the production process of a SOI wafer in case grinding 
and the grinding method, and gas phase etching perform thin film-ization of a bond wafer. 
[ Drawin g 2] (a) - (g) shows an example of the production process of the SOI wafer in the case of 
performing thin film-ization of a bond wafer with an ion-implantation separation method. 
[ Drawin g 3] It is the schematic diagram having shown rapid heating and an example of equipment 
which can cool quickly for the wafer. 
[Description of Notations] 

1 [ 16 — A support shaft, 17 / — Stage, / 18 — Silicon wafer, / 19 — A motor, 20 / — 
Thermal treatment equipment. ] — SOI wafer 15 — Base plate, 2 — Bond wafer 3 [ 5 — SOI 
layer 6 / — Bell jar / 1 2 1 2 f — Heating heater 13 — Housing, 14 — Water-cooled chamber / — ; 
A minute air-bubbles layer (enclosure layer), 7 — An exfoliation wafer 11 ] — A base wafer, 4 — 
Oxide film 
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f 1 ^* -T ^X^I(C*iW Sx y ^> ^Ig^MBfflXSt: 
(J, c©^6f§Al/fcx^^ + >h-?>#EB^^{c<l: 

«). «fit>ji^^bfli^x , $titc<o> zmxmx: 




ffli^rso i fx-^^t^^x^n/i:. c 

OF Z^i-^NtCtiCOP^^it,^^.* 5 *^. U 
*>U **frtt8 *>*«±©*i£&©2x-^:fefHW 

i tec ««it.-c # & t, » £ c » ^ £ . 

[0007]S/c, CZ^x-^±{C^SS5l)S/l^fiX 
l$tifcif$ + ->t^x-n4-SO I £xw»©# 10 

*JUr>xw^xfc-£^> + ;l<Ji£COPa^<.><i:<,>3 

& 3 * h ttit^-c^fflj-c* £ £ l> 5 X*.* 1 * -5. 
[000 8] tCT. CZfx-;>5:ffll,>tS01fx 

PSS^3tfeCZ^x-A^> F^x-^iO 

r^t^^ffi^Jiig^n/c c&hpfi o - 8 4 i o i # 

&«#fl8> . 1 2 0 0 20 

°Cr-6 0^©*^T--;l'^f-3-C^. ?x-^Stffi© 

$mmw&®ic i>co p#£S# u r u s 5 „ 

[0 00 9] 3 6(C, *^rx-Jl/i«SiJ©COP?r^ 
£M^3tf£:£&-C&&. C©#acc<fc*ltf. COP© 

x-zM^OCOP^SiM-Ct^i^^tlfco 
C©2f?£-C«. COP©tS[ ; &2liii>S-t±SC<b«X'^-S 

a*. cop©-f--rx*5A^r<^orL/* ^fc*. c©^ 

«; n >4U£M*> <E> ^/c x - ^ £ 7 J<f?lT x - jl^il L- 

[0 0 1 0 ] C©«fc5(C CZ ^x-^KtRsHTx-jU 
£tf r C O P £ +#tt 5 it & C <L *SEI8-C* 
9 . ? 3 * ^ >vx * -ate J: s -> 3 >^*£^©? I±tf 
j£g£i!< UTfcCOP©-?--fX#s*!*< &&/c#>. * 
jgTX"^urfcri^utc<CiiL^t*SJlicpgort<>^) 40 
©#hh*-c*s. -e©fcg>» cocz^x-^ffl^/c 

SO I ■5x-/N©f ; /^^XIi©^SS«3?r(^±$#-5 
[0 0 1 1 ] 

JIK«**/NRtcMi*.S#Si«: J: OfPlSSti/cC Z >}x 
K'Jx-AicfflosciKJ:'], fvWXX 
*f©#3£9£fa±S-fcH#&SO I vx.-^om&fim 50 
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* t«ft b J; *> t r * & ©-c * s . 

[0012] 

+-ffiKJ:Si/';3>«S B a B *6SO imZBf&TZtf 
> K9x-/v&fBK(,. Sfc#> x-^i3Sa#Sffii 
^^^-^-i/x-yAi^^tBa^/Mzr^L/T. -£© 
K^x-^«DWRft«ff 5 SO I ^x-^©igit 

^*-r£(Cj:^)->';=i>#ie^©R£Sa)a?r0. 6mm 
/m i n«±<t LT3l*-ttf. SW^sltT&K#l 6 p P 
m a JJTF©C O PDmmg.lc&&TZis 0 n 

•)x-;Mi:JillIl. J rJV'i'x-^KaTctt^Hm 

tp©8ftMg£flnx./c *> ©* fflt > * c <t t-rsso 

I ^x-^O^jt^-C*^. 

[00 13] COJ:^, CZ>)x-^>F^x- 
MtLtffll^SO I ^x-^N©i!Bt^ffi(c4ol>r. jK 
>F'?x-AiUt, f^^X^-mc^Zis'):! 
>«Bii©RRfiiSffi* 0 . 6mm/m i nJW±iC-r?| 
£±tf . 1 6 p p m a KT©CO P#flf 

m*g H ^ ; &^7-Yxur->y=i> , i7x-Mtctt]xu. K 
u i) n > ^ x.-;\<,cm^wffl^<D$mm : $:i!az.tc <& 

©^rfflunii. SO I ■Jx-AfflSO I jl«COP*^ 

(SKi^sn/cfe©^^^. so i vx--^m&xm j p 

BMfc«*«x 7 * > 9 5 tifc ^ . idsigX*S-eiW*g?#iSa c S 
Ct*iife<, ^W^X?i^©^@$'5?r^L.<rS]±3 

[0014] S/c. 3(s:^(DfB*ra2iClBi£U/c^Hj 
«. ? a ?7JlX*-&K.<t:2>->>)zilsmi£gkfr*> SO 
I K->x-^*fp«l/. F-fx 

43:^fSS i tt i> x x -j\ t ZWMMift l> 
rigger. «eo»#> K->x-^©WBtfk«rfT5SO 
I ^x-^©igj«^Sfcfc^r. MfBjJO F^x-^i 
l^r. 5^3 i7^;ux+-j i £(c<fc^>"j 3>W4S©^;* 
ii££0. 6mm/mintlbtlt?|^Bl ^ii 
1 6 p p m a feTF©C O P ifi$mmc&&? S 

-rxLTV'j=>> , i>x-;NK:ijnxu ig^u=j>^x- 
(iefcor l 2 o o °CJil±©iS@L-e l »nfei±ow»ftia* 

M/cfe©?:ffll,^Ci^t«SO I ^x-^© 

[0 0 1 5 ] C©ck^0c > CZ^x-^?r^>F^x- 
t/tB^SO I ^x-/N©S!{3t*fi(C*j(,^r. # 

>F->x-^<«:L/r. is*iHi t,cie,i!iutc§tw±mm<D 




C4) 



SISiflCljOt 1 2 0 0 'cu±ou&-c 1 fcWHJJLk© 

fmmzfiaz.tcb<Dzm^tu*. soi^i-^so 

imteCOP&MMicil$&2titci>(Di:tj:*). SOI 1 ? 
i-Aijili^fM A X XgfC *s » £ x ^ > 

[0016] C CT\ MMtim ■ MM'ftWtbZ. mHU 

o. uiB^ai^ra©^®^. a-feicKoaT*^. io 

SAL. SXOttSf il>5©tt. 86*J: Offtonri,**— 
«$>->< 9&AU & 9 «m a - >^'. T> 

U j^F*3©BlfS{4S3J-ca^(C«. &£&E£©i9IB|gff 

tt«S6* & o fciSB*£iSflnl» • rSilfcifJ^g (Rap 20 
id Termal Annealer, J£4T> R T A 

[0017] tot. *ftw<Dm#m3K.mts,utcftw 

~^£3m*&£&3^-X?x-^££®{tl^£:f|-L 
r*S^rLr. ^©^#>K>5x-^<D?S^b^f ^so 

I «>x-."©«j6#ft{cbt»T. BMta^V F^x-^t 

itK£0. 6mm/m i n JiLbi L.T3li*±tf> 30 
1 6 p p m a &T<DC O PbmmiC&&f Z 

n 2 o o -cM±<Dumx!3 0ft&L±<Dmmmzm?Ltc 

fc©m^Ci^iit4SOI ^x-^©S!i** 
[0018] COiH. CZ'Jl-n^F')^ 

*(cfc^r 1200 'CJi(±©sar 3 oft&.±.<D$mm 
zmz.tct><D%m^tiii, so i ^x-aoso i ma 

COPa<AiJIK^4>;*ftfc4>©££c9> SOI-Jx-a 
-c. a»ii*K^fcH*tx » f>y?n/c0, Ef&XH-e 
# t < fi_t 3 -tf £ C t ifiV £ £ . 

[oo i 9] ccr. /<**aas*u«F£tt. ii^. as so 
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§m*mtp -tc®®.<Dmmcm«D o x ^iss 
ias©$flfflit4K®nrfco. s^L/c^ASpj^rS) 

[0 02 0 ] C ©*§•£. ffifcJf 4(CtB$gl,;fcJ:5iC. s 

4te^r*8JccwBr5c43W»*i/<» 1**3 5 oce 

*EL//cJ:^(C v C(Di@l«5- 1 5 nmt?ff®-r 
&C£*iff£tA>. Chit S7cttMtea*DD^./c^x 

-^©^ffitcfi. ^-rxtwjnsifiti^DS© 

*W F (**S£SB) ©^^ffiT-r^iifetCifS^ 

[0 0 2 1 ] C ©*§•£. W*^6tae$!$t/cJ:^{c. 

> F ">x-^vo«gMI;B. WHU • WJgffiimtBx * > 

atBx^^>^v£<h{i. *> K^x-^<t^-x^x- 
S©SO IMMili^SS-CWHUL. f(DSOIl« 

tcmmrzjjm, fco<«36{cmtBx-y?>y^T^ 

C4(CJ:0. SO 1 BSffi©«iffl34i»#tSti4 
tcM^^-lt-r^^ffif *0. d<>F^x-^(D®)R 

[0 02 2 ] ^c*J. C©»tgx » ?>^c«. ®mt P 
ACE (Plasma Assisted Chemi 
cal Etching)S©J:Vi, 
Lct^<t-rS>"J=J>(l©^$©^€:g"|^L/r. J53 

J; 0 ^t^gp^^Sgp^jtc^tix y r^tflci. <) m& 

[0 02 3] C©t§-&> fi^TtCiaifiLfci^tC. 

> F^x-^©»JIfttt. -/^>aA^gtffi«cj:tDtT^ 

ciii-cts. ccr, -r^^aA^ifcaiij. **> k 

•i»x— ^^x— ^©2fe© r >x— v\<d^^, /i> 

/n©±®*> ?,7kss -c * > $ -r ^- > *a a is . 

f^x-;N©rt§B«:t&/hm?&Ji (WAH) ^^fjSS-a-fc 
«. fg-r^^^ffiAUfc^ffl^mftMlr^LT^"^ 
'^'x-y^iffia3^±. *©8MMBll«:»lit-C»/hSWa)B 
^ggffiiLT^> F"5x-^«:WitK«:»«W-*Ct 
(C^O. *>F^x-^©?5^L^f^^ffi-C&S (# 
BB¥5-2 1 1 1 2 8^M#)S) . c©Jr^^c^-C 

ss^pa®«^s?&^H-c*o. som©ngj! 

©^-tt4>iS^SO I ^x-^<Srl:t©6^M{Cff^C<t 




tt7Mg£TJU:J>©iIllf#H»£-riltf. ^SftSSft** 

+^ccw, c op zmu m.mi^'j^> 
-casrt « tJJteXFS ? i - '> £ -r -s c £ #r s s 0 

[ 0 0 2 5 ] 3 e»«C *^©sf*J19«:fetgU/cl6B^ 

iossissn/tso i ^i-^-cfc-s. c©<t5fc. » 

3J<3B l >S: t i UfS5R35 8 tctetSS U /c^^^ffitc 4; 0 8 10 
tlfcSOI^i-AB, SOliOCOPdigftm 
<. M^Cftt^PSSO I ^i-^itSCi^f^li. 

&fti:-r£©6-ci® n a aSffftso i -i/i-^i-r-sctas 

[0026] jwt. *§mic-o* SeKHiK^t 
s o i *>x.-^<ds o i m*i&®.?z> 

K'Ji-^sclu^hSC Z ^x-/Hc-?t,>T. c 
x-^©*®* £ C^*rtSP(c#^E-r £ COP &WJ> 

^Sfi-C. egi/Mf-f'XcDCOP^iSJffiStc^fi^^^M 

©Ms^-ms*. copSfjKw*L<j^b, c©>- 

i;=i>^x-m^6^RSSO I -l7x-^£fl|&c £# 

[0027] xmiomx&te^x.iiteTtzmumcm 

I±tf fc~> U n >#*§||«$>©C O P (C 30 
«. ®£ #2~4 n m©m>Ht{fclg-CH£ftfcIEAffitt 
OffiMP 2 ~ 3 ®mm L tcffi&V±#<DV -i Xi)i 1 0 0 
— 3 0 0 nm©t-y-t*5'>-i>^h y?'Uj> h§> 
©COP ©fifeCC . 1 ®<DS&iL LtclEJXffi#<Dg.fflX'±# 
©t-fX^60~13 0nmOt-^-T*D. ^KtJII 

ity-o- h y t'u * h§2<fc>9 3 6i<m>;&M?aEGfti> 
^> y;i-g/©c o p tfift&t & c £ &*zj«>-c8Ui, l/c 

[002 8 ] C©^»^JU^i-7^>- h y:/u? 

o Wires LtwsMa-r&i. -»^i/Sr-y^x*s/jN$ 40 
i>cop*i«8«so. z htc&mmiS&Tiz. cop 
rt^©^{tM* 5 S«t>r?g(,^^t^ri/^j:i,^>>^S!C 

O P ft 6„ fl!Kfiar5l±W. <Q> 

•5>£-;M>~h 'J^7 HOCOPWSltSlW 
ii>-rs^ % COPWM©lS[fcM«i5< ftot< SMfttf 

[002 9 ] -e-CT. ±K3H**3 6K»iNBCCJS*TOfc 
fiJK. fif*«COP^©XRS ; &«e»T/c*tc<£jI-C*M 

&j£B&fri>> gsa o n, ft b y-7'u-^ 
HCOP^, ^x-^NCc^or^e>*^r--;Kcj: so 
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{i©cop#*t?jgir.s±{c > -eo^Mtcjii^tM^ 
*S©T\ *5grx->wcj;^T?S^st!-sc£#Bft 
-c&s. cnfcfctur. 2fsiewc«. a»(cj*a-c. 

ji/®cop**»«i3-ttte*<sia**ffo. 

x-^«:*3Rr--;Hf{cj:SJ»«ffl*ttti-tt. COP 
B«S(c*>-^±«:fl5»-c * 5 £ tc h ©-C* 4. 
[0030] > y =i >«*£AtitS&tt® 

rt. 5l±tfiMEW. 0. Bmm/minfitl. <fc9»£ 
L<»0. 8mm/m i n feLh©i«iI £ 0 T . COP© 
fflKtt^HA*. -9-^XA*t«l*«6 0-1 3 0 ninths 

•fit? hMtosgofti^tci/fc. ee-^r. #2pj-c 

ttJrOjifSKtt, Mitfl. Omm/mi n«±iO 

o g i±if «sa® ieatcjc d r praam o xisvifi 

£fiSfi£-£S©3&*iB£lA>. 0. 6mm/min*it 
«. iSM^iftof^-f >~h y^u> HCOPK 

S©-C*7$b<ftl>. CO^>^HCOPlftDt-f 
XC*. 6 0 - 1 3 0 n mgffi-C. rtSCI^fcJ&MMSg 

[00311 J/U3 >m*£ifyg©n D DW£ It. 
j«a* 16ppma ( J E IDA) «T. »* l> < « 1 
0ppmaOT<b-rS„ 16ppma4iBi5iifiSl 
fcC O PrtfiW^tM* 3 /! < K> > ^-©^©l^Siiffir© 
COP ©iB«3&i^*«C & o fc *> . ^ffiB#K*iS < ft 
S^. SO I ^x-^Wp^M^mtt^SJgT^cfc^tc 
ft£ 0 

[0 032] ^ y 3 >4Ui£«®d«ttK«fi«:W1Bir 
•^iKCDIHEtt. RSSm*SS©@lKjSS, ~>y3>MS^© 

[0 03 3 ] . ±ib^ y ^ >ii B H eM^7 -r ^ 

*M^- C £ "CC O P £W U< WP 3 *> C t &-e $ i> . 

r. c<Dmmmvtcy^~^. so ia^fisr** 

>K^X-;>(Cffll,>SC £{<:<£»), H»^J(C^Rg©S 

o ie*wr^so i ^x-^^sat-rsci^r^s 
[0 0 34] $/c> ±is->y3>m^ ; &x7'fxt 

TflfcJ"; 3>Sx-r*«fia0l!*l • ^il?$*p^ (R 

7k^?4Sl 0 0%*Sl>f*7kS£TJUn*><!:©^©jl 
Tctt^HMT-C. 1 2 0 0'CJiLt©M&-e. RTA^g 

T'« i #raw±. mmmm&va 3 o »m«±. 
^ -s. c £ -cc o p =&m o < ; m> 3 -t* ■& c t ^r- ^? 




(6) 



«hc, c<DMmm3&ic£tincopm&*m.m&} 
jc^tc-rsc<t^aitg-c*-2>. -ei/T^ commute 
^i-M*. so i m&&f&-rz#> f^x-^ccjh,* 
4c<t(Ccto. nawKii^Rgoso i»*irr*so 

[00 3 5] g/c, IB»&WU:K©J: L"Cf#6n/c 
i^RiCZ^';rj>^x-^^SO I ?x-^©#> K 
•5 x - ^ £ b t Sffl L tcm&lc »t ff /c t c 

^t»ffcHI«:^'0re^T5WK. «K>K^x-^©fi 10 
®£W^ft5~ 1 5 n meSt?WlSr *C t JWffStT?* 

[003 6 ] TkfgT x-;U^©f^J&II£M;*ft/c**> K 

©@£>T/h;*&jg©&t,>fc: v h JCJcOffitan^ 

^cii*5. ?cr, «yfia*tfr>fca{c. f 

9.x-^©^o;5;5~ 1 5 n mfIK©4>frt>5f6lft-C#f 20 

8. Si#-c*5©T'. c©SB&tttt^*ai|!fc*'r** 

[ 0 0 3 7 3 . sK> F"? x - b*m> S 

O I H*JBj3W4#. C©*"> F9x-"©1tKff:l£. 
iIS©ffl(g • Sfift <t ^tax * > y^Kl «fc 0 tf ^ C i 

-5. 30 
[003 8] CC-C. -^^>aA^fife(cJ:0^'>F^ 

«wfc$-&. m&mc so imvimxj-mmitLr: 
wmmc a *>£aA-r s o i ®(Dmmm-&& 

[003 9] 40 
[»»©0Sfc©««] JiTF. *#feBj©HJg^g|{co#|Si 

5 b - f -©J: ^ /j:gg* f c i dsr* 5. rfflKS 
ftTl>-5&©<!: WtfASTttM, SHS-2 8 

o o © <fc 5 ^$if§ ci/uTs, c n hktmm 

«triS1i«cfc©-c«*c»„ so 
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[0 040] CCt> *#£BJ-CfflC^c-> ') 3 >#&A9 

x-^©,njiflni^ • Mmftimm (rta^s) o-m 

MH£tg2 0«. «*«»fiaiJR**C»tt53l*>6fti 
s<Jl,*st 1 l^fl, C©^;Ui?+ 1 irt-e>?x-^£ 

Wt&?ZJ:Hcffim2ft&mmt-Z 1 2, 12'KJ; 

-^r^. c©Jin^t-^«±T*r6ir-9-tij$nT*i 
rfcj:t^ jjn&t-* 12. 12* ©^icca. m.zm 

[0 04 1 ] ^©T^«C(J. >M1 4i^-^ 

mfkUXl>& 0 fUOi-^ 1 8«Xf--ixl 7±K 
Sf^ft&J^GC&oTfcO. ^f-i?17l«-?l 
9KJ:^T±Tatig&&£*#«il 6©±^tcBS{0-oWe. 
tltl,^. Tk^ + WCl 4(C{Jlt^-l6]*>?>'i'x-^?r 

£¥3«:tHUAft-c£5«i:5cc. h-roi/T/ccfco-cn 

n simx. mm 2 ft * ^h^© x - ap wm » 6 n 

Tt,>£. Sfc. h 1 5(C«. Af^^APi 

[0 042] J^±©J; 9ftM%0$SK2 OKiot, 

x-^©ftasn(» • fta^ai-rsswiHua:^©* ^«ctf 

frft2>. $-r. fln^t-^12, 12' tCcfcor^;uy 

+ 1 1 rt*. 1 2 0 0'C&±©fjfTSgSStCttl^ 

ftzws.isxm.i®mj}ZfflWTftiz> ^ow+i 
A^r. '!>x-->'^©^^! : s?aa«. ^f-Pi7©ei, 

iTfrfc^tSflll 1 6©<prt^©JfAfiiCj: otT^S-r 

[0043] 1 1 ft&mmuwL-cmttz ftfc* 

6. ^MSSg2 0iCl|!tgL-CieS$^S. ^@^©-f 
m-1 4©#AP^6An. ftTffiffiS"C^«l3-a-/cX^ 

1 7±{cm«s i hi^-iz-r^x-^i^ 

C©B$. ^Kj^^ + ^^'l 4*J<fcO'-<-X7 - U- F 

1 5(j*^snti>5©t. ^x-^«c©fiig-ciis; 

[0044]fi/-c, ^x-^c^f-yni^ctJ 
I^7L/c%t6, r<*tc*-^ 1 9 tc J: refill 
6?:^rt(CjfA^"-2)CiCCcl:-3r. 

oo'cw±©^rMjasag*-c±»$-ti, xf-y±o 
^x-^(ci^s^s^nx.s. c©j&^. 7k^^i-> 

Ml 4F«9©^7 i -^TiSafi[SA i e>. 3fSjaiSfi[S*-C© 
^«j{c«, mti2 0^SL-*>A^6^CC»©T. r>x 

-"izm.mt.cMmsftzc 




(7) 



[0045] -ecr. *f— v> 1 1 *wiw.&&\mx\ 

ffiJ£tifW®± ( 1#M«±) 3#-2.C<h«cj:-,r. >7x 

^B#pyjA^j§ {jwamm/fiitsrr h fc& e, . r <- fc* 
i 9 tcfco r3£*#«ii B***3rt*e.?i*tft< cite 

Aot. ^f-yi 7£TP£3t>7fc*Tf?f *w>'l 4|*i© 

&©r. tiiKci^sii^ns. ®ta«:. >7x— vw\> k y io 
>^Slg(c<fco-r. ^x-^iRoaj-rc tcc^r. 

£fctt. &&g$§g2 o©^£Pas;*t*-rfci>©r. 

[0046] ^IlcDjl7c't4#HmW. *JR#X 1 0 0 

zmzz <j ^is{a©i^£Wj-r£. -ecDfiij^ji^ 

MB.3kft<tt 1 2 0 0 °CJy±<!: L- . Mmmi* 1 #P4W± 20 

tote. 1200 °c*iir«c o p zm29E£icmm s 

[0047] C©cfc ■*>&<:. ^HJcD-tf^X©^3liCO 

p zm? z> 7i -/>«: r t A*«*flBc»r*Maffl or© 

fctlfc^x-^tt, «Ftcail©COP3&%<!:ffi«l/r*» 

r. ccD^aofc^x— K^x-^i ots 
o i ^x-^^giit-rn«. an^nso i Jisrwr-ss 

O I ^x-^i^r-i*. r>'^^f / Pt!'©^'i$ 30 
±S-t±£C<!:*5rt-5<, RTAJI*1©»^53:. #igU- 

h*s@ferii<. cop^jig-r-siaistc^-sotcg-r 

&l*3P H Wffi&r "Sliest). 2-$l<Dis>?)l>mcOPtim 

[0048] Mommmmst lx^ ? 
^-rscikrta. ccr. ^^sij&ijipi 

tt. «ffi^$fc'J^CD^®tP(C^©-7X-^ 
*S**x^#ALrl:t^^*HC^SLfc 

iPSiS^*. ?&<Dt&!&m# i X'$>?>. CCD 

-RtC>*cfi<DS»«lS*tDjfi|-C* 

0. ®m.<Dfflffi&icmtixis*) , SSLfc&Ittfnlfgr 

[0 04 9] ^*^f-S^l©P{Ccl:-5*mTx--iU^(D 
f&Mffi&ff-*;*:. S#fm£tt±fERTA$SS©*§££^b 
e>f, tKSS^x i o o %s?ffl*T. &€>t^«r;U3><h 
©iS£#B»Tl 2 0 0-CfeLh-CteS-r-S^. ^11S¥ 
DOB 3 0^fffljy±*5MSLC^ 3 0^j®-C««iJ{iJI^ 
*3M+^*JW6-r. COP«&g0tm*£O&C>o 50 
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[005 0 ] CCDJ^tC. ;<v?^M3*"""K: e fcor 
6. ^B^tf-^XtD/hS^COP'&WrS^x-^K: 

0. *XPS'>U=i>#*SS'7x-^=&Si , i*|-r-2,Cd:*S-C 
#•5. «E-?r. C^^SaJlUAi^x-^^^O K<7x- 
^tltSOI^x — "&■*£*? tit*. SH^PS SOU 

*-frr&so i ^x-^^-Mitr^. ?*AM?m>& 

g£ 9 £j6j±;*-*i:£ C i*it?t 
[005 1 ] S/c S'i©#J£#&«tcfcS<*:. -7x-^J| 
]S^6if^0. 5 ymaiSS t?©>?x-/N^"lg|I(DCOP 
©^KK «. ^Si^ffitPrMS L7c73#*R 

r*i*J. SffitCfcCX. RTAggiffiC^WSCi*! 

r#&. 

[0052] cOct^tcL-rff e>n/c~> , ;3>-j7x-^ 
wajitTi*. soi 9i-a©so i mzitm?z#> 

K>7X-^^#S<7)*SM$ Ll>. JJORc. C<D#*>F-7 

i ^_ x <? x -/n £ SrSKfcMfcrt- L "Cttd OT. 
•*c©ft*"> H^x-MOJIf^bi&m^ SOI7I-A 

#mm*ctiiittm'mzft2>'i><Dxi l ztj:{.\ 

[0 05 3 ] $-T. *~> F-7x-^©5*iJfifb£. WHU • 

-r&„ ccr. rani. ^<> K*>x-^©j«iMb*. w 
BU • «F«j£ t^ffii v 9- > ^efe'e <t <o ft *> m^<D s o I 

[00541 01 {cfctirt-r. HAO^-tttcto SO I 

mfozmm'?ztcit><DiwMvi.--»x$>z>7t(> k>?x- 
ccr. *.m\xwptn <iisoi ji*«jEaws#> 

K^x-^2«. fr^©5 l -a^'7-'l'X*-ffi*C<J:.5>"J 
3 >i&*£,II©f&gjlJg£ 0 . 6 m m/m i nllhiLT 
3 1 i* Jbtf . ^Wffi^jlflK*' l 6 P P m a «T©C OPAi 
*«S«:» SET ^» -> ') a >«ISA-»«:JKS L- . C ©#ifi 

a**>6» ?>n/c 9i-^kr t a mm& ■> ? 
^MmfpicjzvMKmtMm&n-f-ft&xiiFmztitc 

-^*c©^R§^'j 3>-i7x->»Ni Lr^o, 
[0 05 5]-etr. ffl.W.^fi/c^'J n>^x-^©^> 

m4imfS.fi (Hi (b) ) . c©iJH=r©i^b!*i©ff£ 
Ji»*. ^TOtP75r©'7x-^JCtftoT<!:^ck< . 
K^x-^2©^{c^ur4>J:< . ■^-^■)x-/>3 
©^^RSL-rtmi^ 

[005 6] ^Jc. C©i{tl4Ml/fc^> K-7X- 
2 i ^- X -7 x- /n 3 *Wj*J5:^ffl«Tr'S*» 3 -tt Z> 
(HI (c) ) „ Ctt(tI${bt±#HMTr?»asfI£flD;t 
r, d<> K i 7x-y>2 ^•<-x•7x-/^3^^*g«:,^S^ 
SOIISIitS. C©B$. ^>K•7x-y^2 




(d) ) „ c©-ft©^x^£^tus-£<*-t±.5;fc«> 
3£«**tf #h»t . 2 0 0 -c~ 1 2 0 0 -c©ss-cif 

[0 05 7] #f£. 01(e) tc^-T J; 5 K. *y Y 0 
x^2©«®£ffi?i?©;£fi!:{Ct!l!l>$fHlJ • WBijRtlx. 

MiKf&<0 S O I J!5£W-r£SO I ««1 ^MitTSC 
iiiit^S. C©tg£\ mTlBL/ftiPACESCC^Ox^ 

* > ^€!t so i jBCDsmaataaftr JWf a *>© £ 

[0058 ]-*, *>K^x-;MD«)Hb*. 
02tt. jK>K^x-M©«i|{t*. -f*>i£A#i»*£ 

{c<t*)if 5*§^©so i $x-^©«jgm©— 

btci><DV$>2>. 

[0 0 5 9 ] mZiC^XfT. ftfc»)£H±«Cj:9 SO I 
^2SO'^-X^x-^3^rfflS-r-5 (S2 ( a ) ) „ 

c c r. **wt?«^>tt< t i> s o i ^^fiS-r^Tjo 

K<i7x-^ 2 «. fii£©?- a * ■?H'.x*H4Cc J: -S^ U 
n>^*S B ^©fi£SjSS ; Sr0. 6mm/mintLhil/r 
3l#_Bf . £WS8R?ft&# 1 6 p p ma«TOC OP*i 

iS2gjK«c?f i>i/*)zi U . C ©m*s 

ammmpicj: n aecffi»Aiai*iM-**6r raj s nfc 

w n * C (DMX^ > 'J 3 > -5 x - > \ L L X 4> ftc 
[0 0 6 0 ] ■ei/t. mMZtitci/V n>^x-.M{i:& 

(02 <b) ) . C©«£©BHkJ«©JBJiSt4. ^-TL^ 

MTjo^x-^cctTfr-rifej^ . !}<:>k^x--m2© 
*«cff^L/T4>J:< . ^-x^x-^3©<&k:Bj&UT 

[006 11XK. stf> F^x-^2©^-X^x-^ 
(SAB) 6ZBtfZ?2> (02 (c) ) . CCT, *"> 

k-)x-a2b, mssn^pgr. mxfs-> , ;=>>'? 
x-»*» -2.fc*©^MSKj: o^c/c^^ xzmmic 

£ ttHfc 0 . soi »©«flU$-H£«:KlBsa*-c -Set 

[006 2] -fit, Jkm-tf^StclZmrtX-J*'^*: 

3?rM(t®^Lrffi*a^-ttr^2-B-^, (0 2 

(d) ) . l£S©?£-#&?£HMT-C~fe© 1 ?x---^©ig 
&< ^x-;M5]±j!>i»rS. 
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[006 3 ] SAJ16*^ibriiJgBTSCt 
(CcfcO. fJif'i>x-/\7 <!: SO I ?x-;> 1 K^lfS 
(0 2 (e) ) . Cft«. m{3!^RS1±^X#H«TiKj 

500 -c&i±<Dum-c?mm*Mz-tnz. *sn©«i5?>j 

£^©ig|fe(Cj:-?T§Mi'}x--;N7 iSO 1 £x-/n 

^©£g^'^xx*rc<£ffl-r&k:«§5<,>©-r\ 
^iMiitrso i -)x-v> i ccttaoMi&s&tt 

10 0$S^S*+^a*)©<i:TS (02 (f) ) 0 C©J» 
®S«^x.«^r£tt*'X#ffl^T. 105CC-120 

o °c-c3 o #a>e> 2 MfMoimmmzft ;u*nt<>. c 5 1 
r. h©wccm^h©so iisiwrsso i ^x-zn 

^Cidi-C*^ (02 (g) ) . 
[0 06 5 ] VL±®.W Ltc£ 5 5C. l,>-r ft ©#«£-?* o 
tfc$8?SOSO I "5x-^©»jfe&ffitt, *RKK©S 

o i)i^wr-5>iaa D D s©so 1 ^i-A^sjgtsci 

rsr®^fc-r-SJi^(c, cop*i^fc«?)(csoi js 
20 Kmffi?i*526£-r3ci#&c>©-c. *»«©***« 

O I ^x-7a«. m»W(t^14©l«^ S O I a£&^>i« 
S.KDSO 1 -i7X-^-c*0. 9*4 xit9i<Dt&'g£ K) 
A^<, S*Jh©jfUffifflfifi{4-rcA**fl>. 
[0066] 

imnmi wt. ^^©leitwttbRW**^^* 

(HtfeRl. Jt««l) ^Hf 5^*-ttfcJ:4J"J 

<w»«Mt*m>so 1 ^x-^*«jaote. 

[0 0 6 7 ] *H)5fi^-C«. Sf?a ^^Jl/X^-StC 
J:4i/y3>*|gft©5l*±tfjaft (SE) *. 1. 4 
mm/m iniU (O i ) # 1 2 p p m 

xL/T->';=i>^x-^k:J]qiL/, M^I4*(4*5 (l o 

0) r. ili^plT^O, Jgta^l 0Q - cm, 
40 B:S^2 0 0mm©S-"J n>'i7X->'A4r^S!iL//Co 

[0 06 8 ] C©~>';3>^x-^CC. RTAJIS (A 
STthlSfSHS-2 8 0 0) *fflC^r> 10 0%*f© 

#HMT(cijt,>r. i 2 o o-c-c i ovxDmumzmn 
tc Q -eor. c©^'j 3>-?x-/n5tso i mzxm? 

•S^^K'i'x-yNiO. C©*> K-?x-^©^-^>? 
x-^tM^-r-SffiKflf^ttl 0 nmCWS^ifSL. -i» 

[0 069 ] C©<1<> K^x-^*fl3Cir. 02 (a) 
- ( gr ) tC^TXfltC J; 0, SOI Jl©/»3 1 0 0 
50 nm©SO 1 ^x-^SJfi&o/c. ±<c«jfiftfl=l*«T 




©jI9-C$>&„ 

1 ) MfUBBtitftft : K-?x--'>»fMI«7 5 n 
m. 2 5 nm. 

2) TkS-f^&A^tt: aAx*jU*"-2 0 keV. 
aAMSxio^atoms/cm' . 

3) mmw&$& ■■ n, *-^#HmT. soo-c, 3 

0#. 

4) ttemsm&ft : N, *'^fiiT. 1 1 0 O'C. 
2BSIK. 

[007 0] £©<««: I, TS^i* tl/cS O I £x-» 
©SO II©COP^HFf^ v-XmtC^flWKLIt. 
COHFf^'^ffirB. $TSO I 'Ji-^^HF 5 
0%*^ffi«:, -HBWHBMW4. S O I Jg£«ilTl-£^ 

c ti&m L-cn#>&&mitm< l c h f #iu;t 

•5. *LTBWtlt{c«j£3ft*c©x?*-e* h*. » 
t,^s o 1 jf^SL-r^^ai^-cts^-r^ c i(c J: 0 c 

OP«rS^-r^„ *IQt^tCteWiSia«^tl^tt. >^x 
-;%*l®©iK&:£[pUC** + >LT\ ^It2 0cm J © 

[0071] corns®)**, safgstifct? h©<@& 

0fflr*9. COP^StC^S-rSiOffl/cm' 
rfc-^c. C©Id5ei&*J:»K *«?B©«J&*ffi(Cj:o 
rHK^CjteXRS©SO IlS^rWr-SSO I 3x-;n£ 

[007 2] it«W 1 <b L-r . ±IBHSS^J 1 £|h) 

r^ctamm-o^jM-c so 1 ?x-^£isigL 

fc„ C©Jt^Jl©SO I ^x-yNfc, Sfe!ffi0U 1 tmc 
< H F ^ •< v ~7'&IC iSCOP <DWM^f -j tc a C©i'J 

je©ii*. mmztifctv \><D®mz. 5 7ir*o, 

COPaSKgfcH-r ££2. 9<I/em J r*-o/c„ C 
©SiJ^S^^>. C©Jtt80!)l ©^x-^cra:. ^fiffj 

[0 07 3] (gttft 2 . ttftft 2 ) «BR«fifcmtt. 

a>JWSfl*6SO I m*W$Z>*s K->x-^*ffi 
MO, F*>x-/%£33$g«i ft* x- 

©»«lb«rffl»SO I ^i-A^SiLfc. 
[0074] *jtttM<c*i*-Ctt. *-T^*S^iSS 
(O i ) ** 1 6 ppmaT$W«Hi«ll <tim«© 

ic->';3>^x-^{ctnxL.. (ioo> 

■C. ^SM^ P lfC*>i3. ffit/t*#l 0Q-cm, il 
#2 0 0mm©i'y:3>'5x--^£{l;S!iL<fc. 
[0 0 7 5] C©^'J 3>-5x-/n«: s ^' v^Si^a 

*p£ffli>-c. 1 0 0%7tc^©^fflmT«c*s(,ir. 120 
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0*C-C6 0»©iffil?rtt^fc, ^Lt, C©->'J=>> 
•i7X-^^SO IJf£ff£JiKT£#>F?x-^<!;U jK 
> K^X-^©'<-^'>X-^«»;ife^-r€.B{CP^ 1 
0nro©W^£S6U ^x-^ffiCDf^gccj: «3£0 

[0 07 6 ] C©**> h^i-A^nt, HSfi^l £ 
BMDXS. SO I ■>x-^*«Jtb 

fc. -etr. UteCail il^D< HFfw 7 ^tttci* S 

oiigocopoK^f-jfc. c©*b&z>is*. mm 
10 stifctr* h ©<!$«*. 6fa-e&»3. copssccf^m 

T5i0. 3{!/cm' r&o/c. C©a>JS^«fc 0 . 
^^©Kjg^{Cj:or#*5*-CXPi©^)5:^SO I 

i^tsso 1 fi-A^ssmci^sci 

[0 07 7 ] Jt«W2±OT. gUEW 2 £ Pi)-© 

fHKU ^x-^CC^^^^^a^CCcfc^MS^tf 
tofcHCifeWttlSI— ©Xll-CSO I ->x-^*«JSL 
/c. C©th®!^j2©SO I ^x-/n«:. S«fe0d2 £|S]D 
20 < HFr-( » Office COP ©8K?4trofc. C©I'| 

s©*^ ns 3 n/c t ? h ornmt. e 2 m-c$> 0 % 

COPS5®{C^gLfS<>:3. li/cm' -Cfcofc. C 
©S'J^IS**^. C©tbl5^iJ2©'i'x-^{c«. COP 

K«t z&nmm Mk<D&r j p* t '< 4 M'm&'&t. <o ©<g 

[0 07 8 ] (HSi093, Jt««3) ?3^7;W+- 

rice j: s ~> 3 >m«g a ^ 6 s o 1 k 

30 > K^X-^<DW8S^b^f^SO I 

[0 0 7 9 ] ^Hjfe^Kfct^rti, £-rt"J =J>©3I# 

±tf 0 . 95m m/m i nv&<o. ^mmm& 

(Oi) *n6ppmar*-5>WW*Jli£0iJl<!:[5«© 

T^ya^'jx-^ccfloxL. ^ifm^ (10 0) 

■C. i»flrai3WpS-C*«3. flSta*/6H OQ'cm, IS 
*^2 0 Omm©^ 1 ; n>^x-^?rf / pS!Jb/c„ 
[008 0 ] C©->'J =I>•^7X-/^K:. HJg^lila]— 
40 <Dm$M$:Mx.tc a fit. C©->V 3>^x--»\^:S 

o im£jtm-rz#> f«> x-^iu ^>f^x-^ 

©•^-X^x-^iM^-r^ffitCilf^ft 1 0nm©ff^ 
^tft^ -?x-^^fficD^®tCj:i3iGfc-s-CX^|^ 

[0 0 8 1 ] C©#> F^x-^fflCiT. 01 (a) 
- (e) tc^-rXflK<fciJ. SO 1 ^x-^?:S3iiO 
fc. i^ciJjt^m*«T©jlf)-C$>S„ 

1 ) mmmiSL&tt ^ vvx-»mmm 1 5 0 n 

m> ^-X^x-yN^ffcJ^ilO nm. 
50 2 ) HS^^ffi^ft : O, #*#EmT. 1 1 0 0°C, 




(10) 



3) VffiiJ • iFB&ft : SO I JfMilWM um^SHit 
WHU • Wig. 

4) flMft: S O I mmm& 1 l 0nmCCfc.5g-C 
PACEJJDIl/fcfg. WSftl OnmOSfg. 
[008 2] C©<fcMct,T$Si*S;h/cSO I -5x-^ 

JC. SU560H1 4iaiC< HFtm ■>7l(CJ:|,SO ISO 

cop©M8*fT-?fc. c©i«ffi®ifi*. a^3tifct 

»h©ffl«tt. HTM, COP»J|ff5i 

0. H/cm' -C*r>fc. C©ffl£l&m: 0 . #2SB.fl io 

SO I <J*-«4»H-5ci*«r*SCi!W(l4. 
[0 08 3] Jt«W3 £ Or. £1601 3 in-© 

fHRO. £xw>{CRTA$5Stc£4jg^a£?Tb&l> 
CiJM^WPI— ©Xgt?SO I "iJX-^^SJjtL/c. c 
©Jt$S0«3©SO I ^x-^tc. SIS60J1 £IUD< HF 
?m 9 ^ffi(cJ:iCOP©BBS*!fofc. c©»JJE©IS 
JK. WKStifcfcT* h©ffl8rt*. 4 3fflr*«5. COP 
«K«:tft»"rSt2. 2<@/cm I "C*r>fc. C©3WS 20 
IS**>6. C©HiK«3© 1 5x-^{C». HSvWfliUte 

[0084] **HBK, iSBlBe&tttcflUESti 
*fc©Tttttt,». ±E39eB*tt. WnT-&«5. *J6W 

Ei«fcflyHaMi*!S"r**>©«. 
«t&fe©r*orfc*»w©ttW*jlSH«:'ad3ti*. 

[ o o 8 5 ] «ittf . ±.ummmv\tzM.<D^ >J a > 

•>x-^*tt»>#to*'C. SO I 

^«SiSi*fe0^bttSO I S«?rfPiSi-r-5»l» 
£icfc. SO I ®©3£JIKffi*ffi«TS©KW38rc* 
«3. ®fflBlt8-C*^Ci(it,^^-Cfc%l^ 
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[0 08 6 ] g/c. ±ians6ff^r-«, s o 1 mzwux 

? K-Jxwvj&i. Ii2 0 0mm©CZ')x-A 

*i£&©-C«:&<. 2 0 0mmW±©^:ii[S-e*-2)JS-^ 
1 5 OmmfclT©'Nfi&-e*£ig^C*>, 

[0 08 7 ] JgK. ±I33W8»«"C«#> K*>x-^K 
J^a*tf-3T*>6SOI ^x-^£fl=$¥L,T<,>&#s, 

isjt;f±&©tf'> (■•'ji-A^tsoi ox-^^{^ 
*^ra»6H«©jiw&«*fTr>Tt>. *^in«©^ 

[0 08 8 ] 

[&BJJ©8b*] ell, ifaufci^fc. *HB|©SO I 
■5x-^©Sgjt;££«:J:<3 so I ^x-zN^jt-rs c 
iccior. so i jb>*»©co pans £/<,£'&<,> so i 

■)i-«4«4IltT»SCi#T«6. *©*:*>. S 
O I *xw>©«aWffi«tt^>W*ft«©*B*9 

[Hffi©ffi#ttig9n 

[01] (a) ~ (e) W. Y*>x.~n<Bmmt 

o i ^x-7>©iseig©-OT*7SLfcfe©-r**. 

[B2] (a) ~ (g) B. jjf> K»?x-M©gWRifc 
*. -r*>aA^St^(c«fc0?f 5*§£©SO I 
©S«£l*I©-{ai* * b fc ©-C * Z> . 

[H3] ^x-^*aiKjnf)ft-.ma?&^rT?#4»t{B©— 
[1WDBM!] 

l-SOI-Ji-/\ 2-jK> K'Ji-a, 3 
-j*9x-». 4 5-SOI1. 6-SS: 

^m&B m\m) . 7-iHM^x-^. n -<;^ 

■r, 12. 12' •••JJlB&t-*. 1 3- 
^. 1 4 - -7k^5 L +>^* > 1 5 ■■A-^yi/- K 
16-^tt. 1 8 ->>;n>^x 

19-t-$. 2 0-I®l^I„ 
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